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A study on the characteristics evaluation standard of nanomaterials
incorpoated cement composites

1. N2
Aol A5 g e 7o veysh 253, tigsht 7kEel net ol
ot Sei7} Skt glaL, o1 sidst] Sisl /1A Aot s Ui
of Foft PR Aol 5k Fio] obx|m gle PERAY HE U Y7
4e 5 4 Qe AARoRE FEU Qe e i =Yl
Ermal: dyals0308@Kt ek £ Re2, thesl&o] Wl whet Au therlent A4 A §3
F AT 214 A2 7ol Fs] el ik therst A A
g 53 theah g AEc] ERoRM 81 W £71, 431 A A
of, AIUst o AL 5 E7F S RISt o1 § 714
A= 9 Aol g 2AE P2E AIFe] P, §Xe 21
oluf £7] A WLl £, A1F Al AL 2= IR AR A
A48 HyunGyoo Shin Fg &Y 4 ik =3 TI0, Y CNTeE 22 2415 2ae)=0] 4T 4
Loy mmE AR A 9 g0l A4 Y A7) AR 715g RoIF 4 glol, 238 F30)
Eml: st ek Hofet 20l pago] 724 A% BUHY Egol @ 4 glek utet
A theaAl7t =Y 2= 2AE FEES NOR ¥ AvlE Q=
2 g-8ol 7|tiziol Ak

hardness ’
Abrasion resistance '
expansion '
Density
Thermal Conductivity [5%)]
Water absorption
Porosity
Electrical resistivity
Tensile strength
Flexural strength
Compressive Strength
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Y D> 2000978 WP LA B AN BeAle] ATEE 30071 2ASIO] 7 ATl B ARE B
A W B ZAG AUE BoIF ek 86% 9] AFERANN FFYE WS SUsIGon, 1 HE FUFE, 24
VYE, A/HEY, 7135 U S EES 80 U WS S e aAE EUR AME BIAS B4 371 A
27k 9 3R] Ao ek 548 Bk e Akl el B e A7 Aviele] u)ng Sls) 23 ok ek
2 3041 320l AT B G2l thel AAT B/ UL AGekw, s BE ANE B Wt 4 2GS

a7fetant gt

21 %=
A ALE] = AEAe] T2 AFEA id S o] F2 2] 153} thPSrt 714 E AL Q) o] 218 2 E QP ol thet
g7t F7kota glom, & BAje] 7 =stE 9Jsh Atoll TAlo] mofx|a it whetA & BAje 7IAH e AR E)
o Al

o
S ok 83 AR {8 TAYE F2ES INHY
971 989 59 4% 3YS von, IS E, g E 2 2= BUHE
SFaL Qi

Huy Viet Le et al,” MWCNTE ZoHet ¢ 2 At 48 Ze ohdet ded FHAE 2320 29
ot 7S o= T 4= 9lE Smart ultra-hight performance concretes(S-UHPCs) & A4
strength) B7H= KS L 510501 w2t (50 x 50 x 50) mm’9} 73] Feh= A H S &6t om, 1 mm/min®] §% $=2 A%
U521 8 A1¥1 7] (Universal testing machine, UTM) S 0]-&3) Foj 3152 2745ttt

Jie Fan et al”-> MWCNTE AJHIE o] AE E9] A] Styrene-acrylic emulsion (SAE) & BARIA]
sk, MWCNTS] B4V 7HAd& Boll AlMES] 71AA EA4 S FAI71E A8 st 5384 A
Ago] £aE|glom, 015 913] 1SO 67991 wHt (40 x 40 x 160) mm® 2712 A &S AFE A AlH 2120 7ke] #2lE= 100
mm, 15 Z-EhE Al AR F3toll AAJstgien, (50+10) N/s2 45 £&=2 33 AI7HA 9 2]d] 552 S78Iith 45
7% %7 =3 1S0 67900 whet F3 4% Algoll olsf sheke Al E 9] S (40 x 40) mm” B 0185k (2400 + 200) N/s2
UF =2 3k AI7HA 9] o] shE-g S5t

Morteza Mansouri Sarvandani et al,” = MWCNT £ 53 A[ME R2g9| 7|44 S5t Aol n| (& I st
ot &7 = H7H= ASTM C10990 what (50 x 50 x 50) mm®2] 74 Fel 2 AlFHES AlZstod, 900 N/s2] 4% =2 5t A]

7212 S0 5158 27eaL o) g o) 8o YHYEE HESAL,

Compres sive strength (fm) =

A1 = (Splitting tensile strength) F7Hs Y AlFH-2 ASTM C49601 wh2t 27 50 mm, Z°] 100 mme] A= 3§
B2 AAE ] or, 0.94 kN/sS| &= £ =2 33 A|7HA| 9] 2| 552 =745l ot Al
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Splitting tensile strength (T) = i d :A|°*

=3t $874 %= (Flexural strength) B718 918 4% 18 Algo] %o, o]& I3 ASTM C3480] what (40 x 40 x
P 3712 ANPES AFE AT Al KA 7H9] AT E 140 mm, AlH AR e} 515 28] Alo]9] 7g]= AlH 24|
o 2t A=l 9] 1/30.2 A5t on, 0.3 mm/min®] ¥F £=2 3ty A|7HA] 9] 2O 5t5-& S5k, off A& o] 88 537

PL P E|t BN
Flexural strength (o) = — L - XIXIcH ZH7A2](mm)
bt b,t: AETHO| 7t2 2} M2 Z0|(mm)

of gro] thekek = Rol A 27 ) 770l whet 4 =g H7hsta glom, o] ol= [ 1~3]3t o] meekz Y 22
2 - 27h A Aol st AEo] Slof, AT He ARolH Y FAL B8

ol A=d W s @dS e sta gt

SHo=ZH A 2

ZEIZIE A0 CfsH DITHE A[SIE =0
1SO 679 Cement Test methods Determination of strength EEES E&IO xl(:IHO)lLme NgE 5H (2400 = 200) N/s
Methods of test for mortar for masonry — Part 11: 2517 S0l ol I r-r5| s= =m ~
BS EN Determination of flexural and compressive strength of SIAmALRIOl 2ol IEHE AlRE 52 (50 ~ 400)
1015-11 (40 x 40) mm? N/s
hardened mortar
2517t A|B0)| /50 TIEHEl A[BIE =0
1BQS62\I Methods of testing cement Determination of strength =HY=A z'((‘)ilo x|°4HO) L"_m'? AEE = (2400 + 200) N/s
[Cube type]
Testing hardened (100, 150, 200, 250, 300) mm cube (0.2~ 10)
BS EN concrete—Part 3: Compressive strength of i MPa/s
12390-3 - Comp 9 [Cylinder type] 02 ~10)
test specimens — XIE d, ZIZ 2d sylinder MPa/s
—d=[100, 113, 150, 200, 250, 300] mm
Standard Test Method for
ASTM Compressive Strength of Hydraulic Cement Mortars 3 (900 ~ 1800)
C109 (Using (50 x 50 x 50) mm N/s
2—in. or [50 mm] Cube Specimens)1
Standard Test Method for C ive Strength of | _ A= ¢ 28 2d (0.25 % 0.05)
pomicap | S Tt Mo o ompresi Senat of | 54515 300 nap
y P m1oo mm x 200 mm
KSL5105 | 4234 AplE 9220 9% Ut Algkyy (50 x 50 x 50) m el 20" 50
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Lok NEE
Cement Test methods Jp— _ (50 * 10)
IS0 679 Determination of strength 38 =2 | 160x40x40 100 N/s
Methods of test for mortar
for masonry — Part 11: -~
131555'\111 Determination of flexural 38 =&l | 160 x 40 x 40 100 - (10N/SSO)
and compressive strength of
hardened mortar
BS EN Methods of testing cement o _ (50 = 10)
196—1: Determination of strength 38 =% | 160x40x40 100 N/s
Testing hardened concrete — -E #old ~
153?9%’15 Part 5: Flexural strength of test | 48 =& = (100, 150, 200, 250, 300) mm 3d d (0'%',;/);06)
specimens -40o|L=35d
ASTM Standard Test Method for B
C348 Flexural Strength of Hydraulic— | 3% =& | 160 x 40 x 40 120 - (2640 = 110) N/s
Cement Mortars
Standard Test Method for - 200ld) = L/3
AST™M Flexural Strength of Concrete = =25 i - | (0.9~1.2)
c78 (Using Simple Beam with BT ~ 7;?,_{ %oleHTg]f; Z_EOI =t t L/3 MPa/min
Third—Point Loading) =R EE A L
Standard Test Method for - 20l(d) = L/3
ASTM Flexural Strength of Concrete 3% =3l ;".Ol =50 mm& 20| = L L _ (0.9~1.2)
€293 (Using Simple Beam With === EJ_,_} Z0lHIE (15 MPa/min
Center—Point Loading) S ER
. -5, 20l d (0.06 + 0.04)
KS F 2408 | ZH2|EQ| 3 L= A 44 38 | =(100, 150, 200, 250, 300) m 3d d et
-2o|L=354d MPa/s

[H 3] RAAITL= It =7t H =AM 72

AEE 37|
ASTM Standard Test Method for -XIEd, 24 2d
C496 Splitting Tensile Strength of Cylindrical Concrete - HE 0150 mm x 300 mm E= (50 ~ 100) kN/min
Specimens ®100 mm x 200 mm
BS EN 'Sl'frsetllqn%hh;frdened concrete — Part 6: Tensile splitting | _ XIZ d, 212 2d sylinder (0.04~0.06)
12390-6 9 - d=[100, 113, 150, 200, 250, 300] mm MPa/s

test specimens

- XIS : EX Z[th X|==2f 4 0|4 O]
150 mm 0|4+

- 4ol : XIE2| 18 O| 4 24} Of5t

- #Z& 0150 mm x 200 mm

KS F 2423 | 232|EQ| B QIF L AlialH (0.06 + 0.04) MPa/s

183 mMl4= 2023.12 35



)
o
m
®
>
—
>
T
o |
o
—
m
n

227185848

7138 71F 2719 F7te AMIE AR 7A1A] BT U8 S AAaATE 8Q1es A8 4 Qloh wEkA 713 TS
71337] F2e AME 7N A 80 F23 g7 A E= E-E&Hh

Jie Fan et al.”& MWCNTS AJHIE H|o]AE E Al Styrene-acrylic emulsion(SAE) S BEAIHIA| 2 8-85to] BAlA W
3HE #Eska, MWCNTS 2444 7 g Bl AIMES 71414 E4& A7l A+E Jasigith /i ARE o]A
E9] 71282 IS0 15901-10] ufe} 422919 (Mercury intrusion porosimetry, MIP) S E3) H7}s1lch

Evacuate Fill with mercury  Apply pressure

] ! !

Po=0 < P1 < P2

ﬂllﬂl
ri

AL

Michal Lojka et al. "= $-A1 98tk 1 ¢ A% E (Magnesium oxychloride cement)oll MWCNT & o] u}2 EAJuis}
stelon), Roldne AURE 2Aeti |8 B3 7] g5 A&ttt 23] Wk (db) & BS EN 1015-60] et Al
2707 tfe] F-3]9] 8] & B3 Z746t92en, 1SO 121549 wHet Pycnometer & ©]-83) A = (da) & S4oH3Th =35
Z24e Bud ol AW = & ol Aloj] T sto] AFESIATE

o

\1 )
il
1o

m
]
rlo

s db
d

Porosity () =

£l

José da Silva Andrade Neto et al.¥2 A|HE djE2]A 2] CNTS} metakaolin A% ZH-&ol thafl Tslglon, A|&Z o] A
H7] 71882 1S0 1875401 whet Al &2 AX2ARF(Wd), FA A (Ws), Z5l & A (Wi)E S7 5kt off A& o] &3l 4t

Fo190c
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]9} 7o) hekst & Rollq ofelieh e F7h 9 Al 2ol whet 71 3B S B Qloml, AP L ARl Y
TAS B8O RM AIY Aol A 9 TS SEska Yk

+ ISO 15901-1 Evaluation of pore size distribution and porosity of solid materials by mercury porosimetry and gas
adsorption — Part 1: Mercury porosimetry

* BS EN 1015-6 Methods of test for mortar for masonry. Determination of bulk density of fresh mortar

* ISO 12154 Determination of density by volumetric displacement — Skeleton density by gas pycnometry

+ ISO 18754 Fine ceramics (advanced ceramics, advanced technical ceramics) — Determination of density and apparent

porosity
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ARIE 7|8 AR AEet AL 48 Fowst A2un, AHE 5
A 4 Slet wreb S8 F4ure AR J A2 F23 Bt

Michal Lojka et al "= S-A]| G301 Al Eo] MWCNT Eofl w2
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oX,
rE
fob it

1801 w2} (160 x 40 x 40) mm’® Z2|F P AP E S A% ¥ paraffin waxeh 2 WA E o] &3] 4710 7 HE WEIF &
HFZ0 2 Uro], 713 Hg Foll 5 ~ 10 mm ZI°|12 a3 £9] 0|5 YA FAISH 27] T tin] AlZte] whE 74 H

518 BT

Key

1 Prism specimen

2 Broken end face of prism
3  Water surface

A 80 mm approximately

B Immersion 5to 10 mm*

*

10 mm if surface is heavily textured

1213, EN 1015180 2 £EE4E WL 2AT
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José da Silva Andrade Neto et al”& A|HIE tiE A 9] CNT2 metakaolin A4S 2-gof tish FAstiom, AIFE
o] £+EF4E82 NBRI7790) uleh AP ES ]7\]‘311 Aol TR AIFAE F 5 mm7t A7 =8 E2 AR T LHAR 5% H
A5t 27] A o] A7l kg A WHItE

o]t o] TheF ?l =2ollA otefel e 27h
2M A Axte] AlEld W Sehd S Rk Q.

olr

Y FAS B8

[E4 48 "yt 27tY 2 A
Yop i 2 = A
TS A
AZE 37| x|
Methods of test for
mortar for masonry — 5 THEIHS 5~10 mm 0|2 =
1(?1555'\118 Part 18: Determination of water ,L?O X§4§£§H40 ABES off = AlZtoll W2 2| Hst
absorption coefficient due to capillary =] rred
action of hardened mortar
[Prism type]
- (100 x 100 x 350) mm®
- (150 x 150 x 500) mm® XIXIEH ol =
B . - (250 x 250 x 800) mm® = o T Rz o
ABNT Concreto — Procedimento para moldagem e cura | (450 x 450 x 1400) mm?’ AIZE 2 5 mm7t 7|E ==
NBR 5738 de corpos de prova X 40X mm —E— = AlZHof| 2 24|
3t Hlw
[Cylinder type]
- XIE d, 214 2d sylinder
—d_[10 15, 20, 25, 30] cm
Standard Test Method for Sz xMFE 20l o St
éSG-[‘thA Density, Absorption, and Voids in Hardened (350 cm’ Al ‘:'E[LF—EX 1!:'7—7“5&';&'4_,““0"
Concrete = e e
=0| U 9t7| sl 40|
U= 87| 2ol ARFS XIX|
ASTM Standard Test Method for 3 o 9ol =1
C1403 Rate of Water Absorption of Masonry Mortars (50 x 50 x 50) mm ARE A3 mm7t AV =S 22
H—E——?— AlZtoll g 2|
51 H|m
24 H7|H £4

(Smart Construction

2
Ay

FERES ALY 1S ASstaL o'y sh] A% FRFE A7E A AlA” 2 AvtE AHA R
Materials, SCMs) 2] &8 84 F sfifolt}, o]2|gt A7t A A&’ SCMs WH-9] 714 B/ ¥istE 7|ite s A5 5
o, wehA] 31714 B2 SCMs®] 58 l5shs £23 B/ AR2 E8E 4+ 3

Huy Viet Le et al."& MWCNTS Za A8 2 44 348 Ze e A=n 3248 239 E0) E9gezm ¢
Feol| o5t 1S S -G 4 A)\% Smart ultra-hight performance concretes(S-UHPCs) & Al &stgitt. 41714 &
d B71E A A E L2 20 mm HA 02 Hofxl & o] ] w4 A= (7F2 70 mm, M2 45 mm)& 3R (50 x 50 x
50) mm’9] F49] Fef= A= om, AC impedance 578715 531 SHE A71AT ()2 ok 9] A2 o] &3) AT
& AEstlth

o .—Vl

ox
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Hlectrical Resistivity ( )—RA A EHHX(mm?)
ectreat eststtty \p) =y L:72] 0121 22 Ajo]] 742(mm)
Million Tafesse et al.”-& MWCNTY] 7|AA Eatol] wh A|HE B339 S5 A7t H7]4 EA Ato]o] A E |35t
3, AT A/ MEETE Ee MWONT/AHE Behae] E3u]S Slste 78 Sgeiith 1714 54 3715 9

AFHE (40 x 40 x 160) mm® FEIE AAEon, oF Zo A=
impedance 74715 &l 4 A7|AT (rR) S o] &3 LFATS AHEH AT
aphene oxide2t Carbon nanotube £Y 3 A|HE B3}

ol
AR

Gr.
6 x 70.6 x 70.6) mm®Y] 74! FE) AlFHEG A= 5}
_%

Ramanjit Kaur”2 polycarboxylate -S4 & o] &3 /1A=
A& AAsto] EAS vlasklh 714 £/ B7HE 91sh (70.
), 215 4735 (DC four—terminal method) & ©]-&3l 7|14

o] glof= 7]E E3el E&H T WY A71A B4 B7H S [F 4]0 AT 232 E 2 REgE #d
714 B4 F7tel thgh 571 W A 70l BEAste] ARARE S, 27, AIRE 271, A59 AA, =271, A53E
7 T HF-E9 270 M2 OE ZS & 5 e, o208l AldAR] Algido] fEsta, 28Hdo] glo] A+ =7
ZFANE v w4 ik webA 1712 54 g7 ol tigh 14 A7 o] Algsitt

A=
37|
(mm)
Huy Viet Le et al.” impedance 250 mV 0.1Hz~10MHz 50 mm cubic Cu wire mesh 70x45 20
impedance - 20Hz~100kHz
Million Tafesse et al.® . 40x40x160 SUS plates - 160
DC 2-terminal - -
19~23V - 50 mm cubic Cu plates 20x60x0.4 20
Myungjun Jung et al? DC 4-terminal coated with
19~23V - 40x40x160 silver paint 10x60%0.4 80
Cu plates
Myungjun Jung et al.? impedance - 10kHz 50 mm cubic coated with 20x20x0.4 20
silver paint
Weiwen Li et al."” impedance 2v 100kHz - Titanium - -
Ramanijit Kaur et al.” DC 4-terminal - - 70.6 mm cubic Cu plates - -
Cu plates
Myungjun Jung et al."” | DC4-terminal - - 50 mm cubic coated with 20x20 20
silver paint
Cu plates
G.M. Kim et al.” DC 4-terminal N - 50 mm cubic coated with 70x30 10
silver paint
Doo—Yeol Yoo et al.”” impedance - 100kHz 50 mm cubic Cu plates 20x75 10

183 4= 2023.12 39
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3. 2715 S Ty ZE

=

2445 3ol 239E U REHE 3 1714 §4 B7F ol 443} HofQlA] g3 g]lstalon, oj=Rlsl 7t
Axte] A= 9 Sebdol] FAZEEAT 4 ASS E ¢ Ank wEbA oaet B Y] 1714 B4 B2 S Hlaska,
A g 7F S AlQretaat gk

71& B9 B3] #7172 EAS Hrishe WS 374 DC 2-terminal, DC 4-terminal ¥ Impedance B o2 LESH
e sy Wil w2 174 5/ HstE WStk AP E2 AWE tiH] CNT &2 0.1 wt %2 75t} A%
stglom, AR 7], AT FF 52 Bk Zo] 7|E EHoAM 52 WI=R AMEE 27E AdEsto] AlFstgich
I HeA71H B4 574 8 BARE HolFa th

AEE 37|
DC 2-terminal -
DC 4-terminal (20,-10,10, 20) mA 50 mm cubic Copper 20%70x 0.1 20 50
. (0.25,051,2)V
impedance (0.1,1,10, 100) KHz
Power supply

S HIES HojF 3 it} DC 2-terminal ¥ DC 4-terminal
2 EXNG 2Ass 5o AT wshgo| 27 Hu 24 % H H U 82 %= A UERUY, oFA S|
5H80] 1.7 % °|HE A|7tol| w2 Wskgo]

> o J
2
ot
r_’a‘:

(o)
N
;g_l_g‘
o
R
>
=

mt
Jo

215
i_n“
1
R

12 Impedance ¥HE 0] 23] 0.5V, 100kHz Z710A (5, 10, 20) MPa &% 3t%S Q17
3t & sh30] Z7tgol| ubet A o] Hadte A &Rl g 4 9tk o]& 7]
A Bk uhel Zho] Qb= sh3of o3 CNT A& Y 7+ H=o] WolA A=xrt Z7kst7] yl&o

312 B9 Impedance 37 0] Y&l T T2BE 17 o2 L AT F7lol AUFS ¥ 4 Ur.

o2
rE
ol
i
4
Q
N
&l
39,
lo
=2
Ay
ox
nm
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40 — 80
35 ——100 KHz, 0.5V
30 C edance(0. 1kHz 0.25V) Impedance(1kHz 0.25V) —— Impedance(10kHz 0.25V)
25 L H(00TE Oy Impadance@ i 1) Impedance1HE 1) | - - Impadance(1oee 1)
— \ Y Kz 2V) P (1KkHe 2V) 2.
3 20 || ——0C weNgminal method
§ &
2 z
& s
=
% 1
73
Q
o
20 MPa
20 1 1 1 1 1
60 8 10 12 14 16 18
Hot AlZhol| 2 M3 Hete 12 6. Impedance YHS 0|25t {3t £ A| 2% 5150 M2 X3} 5}
2, W2
B oAE 712 BAAROIN FIIG s B8 ANE B9 W7t §5S 2A A, B 35 274 Y 24
4 9Ye avisteinh. 24 23 2=, 4714 54, 713 54 4 $EFE0 52 182 WE D 88 Asle
o, 714 B4 S AR YA 52 271 d FA F40] SASHAL Aol &&= 2 QIS FRlskinh shARF A
714 B4 B7h Ee 37 Y R4 FAo] RAIste] AFER vtk A2 ThE B Wy 2 2300] 2883 9o} Ay
4 581 gEo o2 go] qlth
WA ARIE B3EA| 74712 £/ g7tol AR 74 e AEsH] s £l AAlste Bget S WS €
&3to] CNT S AIHE B9 9] AR5 57353t °I& 53l Impedance R0l Aol kg HA7F 25 w2 A QH
SHE AASAL, ¥ S50l AT A Fart BAE o] 2B 1Y oS Y AT Frlo] A Ao Wi,
Y A%S vigoR ANE BekAl 4714 B4 WL PHE FANFORA AME BEA 54 Pt Ny 9 5
S =Y 5+ US Aoz 7|dEnh
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